This presentation is focused on application of 3D body scanning that represents a standard part of digital processes that we use in our prosthetic & orthotic clinical practice. The description of digital workflows such as CAD/CAM process (3D scanning, CAD/CAM, CNC milling) or Direct Digital Manufacturing process (3D scanning, computational modelling, 3D printing) will be done. We will give an overview of the application of different scanners for P&O clinical practice.
Introduction
3D scanning is a part of digital workflows in a modern prosthetic and orthotic clinical practice. We use either CAD/CAM process (3D scanning, CAD/CAM, CNC milling) or Direct Digital Manufacturing process (3D scanning, computational modelling, 3D printing) [1] , [2] , [3] , [4] .
Digital workflows in Prosthetics & Orthotics

CAD/CAM workflow
CAD/CAM workflow is represented by 3D scanning, computational design (CAD), preparation of digital manufacturing data (CAM) and CNC milling.
Fig. 1. CAD/CAM workflow -3D scanning, CAD desing, CNC milled model, orthotic product
The output of CAD/CAM process is a CNC milled model from a hard PUR foam. This model is used for manual manufacturing of a custom-made orthosis or a prosthetic socket by laminating or thermoplastic forming. CAD/CAM process is a combination of digital technologies and manual operations.
Direct Digital Manufacturing process
Direct Digital Manufacturing (DDM) represents a fully digital workflow of 3D scanning, computational modelling and 3D printing. The output of DDM process is a 3D printed product (orthosis, prosthesis or their parts) or 3D printed mold for manufacturing the prostheses (e.g. silicone cosmetic hands).
General requirements on 3D scanners in Prosthetics & Orthotics
There are different 3D scanners that can be used in P&O clinical practice. Their application is dependent on many parameters: accuracy and resolution, scanning area, portability, time of preparation/scanning/post-processing, scanning principle, ease of operation, price etc. Scanners for head and face, trunk, limb and foot are used in our clinical practice daily.
There is not a single scanner that would fulfil all the requirements for a clinical application. The combination of individual requirements in each P&O branch determines the choice of 3D scanner for a clinical application. There is an overview of general requirements on 3D scanners for main prosthetic and orthotic applications in Table 1 . 
Overview of 3D scanners in Prosthetics & Orthotics
We are using different types of 3D scanners in our clinical practice. Here is a very brief overview of 3D scanners divided into groups: low-end mobile scanners (<1.000 $), high-end mobile scanners (<25.000 $) and high-end special scanners (>25.000 $).
Low-end mobile scanners (<1.000 $)
We are using the following mobile 3D scanners in this range: Sense (Cubify) and Structure (Occipital). Low-end mobile scanners are used for less precise applications in P&O, e.g. for spinal/limb braces, prosthetic covers. These scanners are easy to use and they are affordable. 
High-end mobile scanners (<25.000 €)
We are using the following mobile 3D scanners in this range: Artec EVA (Artec), Go!SCAN 3D (Creaform) and zSnapper Portable (VIALUX). High-end mobile scanners can be used for the same applications in P&O as low-end mobile scanners (spinal/limb braces, prosthetic covers) but with a better quality output. The main benefit of these scanners is especially for more precise applications, e.g. head and face scanning, scanning for prosthetic sockets and epitheses.
We have found high-end mobile scanners very versatile for P&O applications and still easy to use. The cost of these scanners represents a limit for usage in small P&O workshops.
High-end special scanners (>25.000 €)
We are using the following mobile 3D scanners in this range: DI3D FCS-100 (Dimensional Imaging) and ATOS Core 135 (GOM). These scanners belong to industrial scanners and they have special applications in P&O.
DI3D FCS-100 scanner (Dimensional Imaging) is used for face scanning. The photogrammetry technology enables a very fast scanning (4 digital cameras are synchronized) and the result is a 3D scan of the face with a color texture. It is possible to take scans with eyes open of the scanned person. These characteristics are very important for facial scanning and clinical application. An overview of technical data is described in Table 7 .
ATOS Core 135 scanner (GOM) is used for scanning of very precise casts of body parts. These precise casts are manufactured from plaster based on silicone or alginate impressions. This scanner is used for high-definition silicone prostheses (facial and limb silicone prostheses). An overview of technical data is described in Table 8 .
We have found high-end special scanners very useful for special P&O applications -anaplastology (silicone prostheses and epitheses) and facial masks (burn mask, protection mask). The cost of these scanners is a very limiting factor even for big P&O workshops. A comparison of all 3D scanners that we are using in our P&O clinical practice is done in Table 9 . The examples of head & face 3D scans are in the following pictures ( Fig. 3. -Fig. 6 .). Fig. 7. -Fig. 8.) . The examples of foot 3D scans are in the following pictures ( Fig. 9. -Fig. 10.) . 
Results
3D scanning is a part of digital workflows in a modern prosthetic and orthotic clinical practice. 3D scanners for head & face, trunk, limb and foot are used in our clinical practice daily. There are different 3D scanners that can be used in P&O clinic. There is not one scanner that would fulfil all the requirements for all clinical application in P&O.
Low-end mobile 3D scanners (<1.000 $) are used for less precise applications in P&O, e.g. for spinal/limb braces, prosthetic covers. These 3D scanners are easy to use and they are cost affordable.
High-end mobile 3D scanners (<25.000 $) could be used for the same applications in P&O as low-end mobile scanners (spinal/limb braces, prosthetic covers) but with better quality output. The main benefit of these scanners is especially for more precise applications, e.g. head & face scanning, scanning for prosthetic sockets and epitheses. We have found high-end mobile 3D scanners very versatile for P&O applications and still easy to use. The cost of these scanners represents a limit for usage in small P&O workshops.
High-end special 3D scanners (>25.000 $) are very useful for special P&O applicationsanaplastology (silicone prostheses & epitheses) and facial masks (burn masks, protection masks). The cost of these 3D scanners is a very limiting factor even in big P&O workshops.
